I. INTRODUCTION
Induction motors are the most widely used electrical motors due to their reliability, low cost and robustness. However, induction motors do not inherently have the capability of variable speed operation. Due to this reason, earlier dc motors were applied in most of the electrical drives. But the recent developments in speed control methods of the induction motor have led to their large scale use in almost all electrical drives [1] . Be it domestic application or industry, motion control is required everywhere. The conventional methods of speed control of an induction motor were either too expensive or too inefficient thus restricting their application to only constant speed drives [2] .
Out of the several methods of speed control of an induction motor such as pole changing, frequency variation, variable rotor resistance, variable stator voltage, constant V/f control, slip recovery method etc.
are the conventional methods. But these traditional per phase equivalent circuit analysis of an induction motor have the disadvantage that it is valid only if the system is a balanced one. Any imbalance in the system leads to erroneous analysis. Also the dynamic response of the motor cannot be obtained from the per phase equivalent circuit So the vector control method leads to a simpler analysis of an induction motor by use of rectifier and PWM inverter, we can vary the supply voltage as well as the supply frequency such that the ratio remains constant so that the flux remains constant too. So we can get different operating zone for various speeds and torques and also we can get different synchronous speed with almost same maximum torque. Thus the motor is completely utilized and also we have a good range of speed control.
II. CONTROL STRATEGIES 2.1 Pulse width modulation (PWM)
Pulse-width modulation (PWM) is a technique where the duty ratio of a pulsating waveform is controlled by another input waveform. The intersections between the reference voltage waveform and the carrier waveform give the opening and closing times of the switches. PWM is commonly used in applications like motor speed control, converters, audio amplifiers, etc. For example, it is used to reduce the total power delivered to a load without losses, which normally occurs when a power source is limited by a resistive element.
PWM is used to adjust the voltage applied to the motor. Changing the duty ratio of the switches changes the speed of the motor. The longer the pulse is closed compared to the opened periods, the higher the power supplied to the load is. The change of state between closing (ON) and opening (OFF) is rapid, so that the average power dissipation is very low compared to the power being delivered [3] . PWM amplifiers are more efficient and less bulky than linear power amplifiers. In addition, linear amplifiers that deliver energy continuously rather than through pulses have lower maximum power ratings than PWM amplifiers. There is no single PWM method that is the best suited for all applications and with advances in solid-state power electronic devices and microprocessors, various pulse-width modulations (PWM) techniques have been developed for industrial applications [4] . For these reasons, the PWM [5] . These PWM-based drives are used to control both the frequency and the magnitude of the voltages applied to motors. Various PWM strategies, control schemes, and realization techniques have been developed in the past two decades. PWM strategy plays an important role in the minimization of harmonics and switching losses in converters, especially in three-phase applications. The first modulation techniques were developed in the mid-1960s by Kirnnich, Heinrick, and Bowes as reported in. The research in PWM schemes has intensified in the last few decades [6] . The main aim of any modulation technique is to obtain a variable output with a maximum fundamental component and minimum harmonics.
Sinusoidal PWM (SPWM)
The carrier-based PWM methods were developed first and were widely used in most applications. One of the earliest modulation signals for carrier-based PWM is sinusoidal PWM (SPWM) [7] [8] . The SPWM technique is based on the comparison of a carrier signal and a pure sinusoidal modulation signal. It was introduced by Schonung and Stemmler in 1964. The utilization rate of the DC voltage for traditional sinusoidal PWM is only 78:5% of the DC bus voltage, which is far less than that of the six-step wave (100%).Improving the utilization rate of the DC bus voltage has been a research focus in power electronics.
Space-vector PWM (SVPWM)
Another method of increasing the output voltage is the space-vector PWM (SVPWM) technique. SVPWM was first introduced in the mid-1980s and was greatly advanced by Van Der Broeck in 1988. With the development of microprocessors, SVPWM has become one of the most important PWM methods for three-phase inverters. Many SVPWM schemes have been developed and extensively investigated in the literature. The goal in each modulation strategy is to lower the switching losses, maximize bus utilization, reduce harmonic content, and still achieve precise control.
The SVPWM technique utilizes the DC bus voltage more efficiently and generates less harmonic distortion when compared with the SPWM technique. The maximum peak fundamental magnitude of the SVPWM technique is about 90.6% of the inverter capacity. This represents a 15:5% increase in the maximum voltage compared with conventional sinusoidal modulation.
III. IMPLEMENTATION OF SPACE VECTOR PWM
The SVPWM scheme is more complicated than that of the conventional SPWM. It requires the determination of a sector, calculation of vector segments, and it involves region identification based on the modulation index and calculation of switching time durations. 2. Calculate the modulation index and determine if it is in the over-modulation region.
3. Find the sector in which lies, and the adjacent space vectors of and based on sector angle θ.
4. Find the time intervals and based on , and the angle θ.
5. Determine the modulation times for the different switching states. 
For any three-phase system with three wires and equal The phase angle is evaluated from
Determination of the Switching Times for Each Transistor Switch (S1 -S6)
It is necessary to arrange the switching sequence so that the switching frequency of each inverter leg is minimized. There are many switching patterns that can be used to implement SVPWM. To minimize the switching losses, only two adjacent active vectors and two zero vectors are used. To meet this optimal condition, each switching period starts with one zero vector and end with another zero vector during the sampling time s T . This rule applies normally to three-phase inverters as a switching sequence. Therefore, the switching cycle of the output voltage is double the sampling time, and the two output voltage waveforms become symmetrical during s T . Table 3 .2 presents a symmetric switching sequence. Referring to this table, the binary representations of two adjacent basic vectors differ in only one bit, so that only one of the upper transistors switches is closed when the switching pattern moves from one vector to an adjacent one. The two vectors are time-weighted in a sample period Ts to produce the desired output voltage.
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Types of Different Schemes
There are two modes of operation available for the PWM waveform: symmetric and asymmetric PWM. The pulse of an asymmetric edge aligned signal always has the same side aligned with one end of each PWM period. On the other hand, the pulse of symmetric signals is always symmetric with respect to the centre of each PWM period. The symmetrical PWM signal is often preferred because it has been shown to have the lowest total harmonic distortion (THD). Output patterns for each sector are based on a symmetrical sequence. There are different schemes in space vector PWM and they are based on their repeating duty distribution. The seven-segment technique is studied in this thesis and will be referred to as the symmetric technique. Based on the equations Table 3 .2 for all six sectors
T , 7 T , and according to the principle of symmetrical PWM, the switching sequence in Table  5 .5 is shown for the upper and lower switches. Figure 5 .6 shows the switching patterns of all six sectors in the circle. As shown in the same figure, the space vector for a three-phase voltage source inverter is divided into six sectors based on six fundamental vectors. Any voltage vector in this vector space can be synthesized using two adjacent vectors. One switching period is depicted in the same figure. In sector 1, for example, switching is achieved by applying a zero state vector followed by two adjacent active state vectors in a half switching period. The next half of the switching period is the mirror image of the first half. In order to reduce the switching loss of the power components of the inverter, it is required that at each time only one bridge arm is switched. After re-organizing the switching sequences, a scheme with center -aligned pulses is obtained as shown in Figure 5 .5. The switching pulse patterns of six different sectors in Figure 5 .7 are shown for the upper and lower switches of a three-phase inverter. It is obvious that in the odd sector the active state sequence is in ascending-descending order; whereas, it is in a descending-ascending order in an even sector. For example:
1. In an odd sector 1, the state sequence of space vectors is in the order
In an even sector 2, the state sequence of space vectors is:
Following the same procedure, we have the switching sequence summarized in
IV. SIMULATION RESULTS
Here we are observing the speed variation of Induction motor in two cases one is accelerating case and another is deceleration case. The resulting speed, torque, stator voltages, stator currents are shown in below figures. V. CONCLUSION In this thesis we explained about the speed control of the induction motor in two cases one is accelerating mode and another is decelerating mode by using SVPWM (in the linear modulation region) technique. The contributions of the thesis are as follows:
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 The thesis has provided a thorough review of the operation of SVPWM in the undermodulation.  In this thesis, Simulink models for all this technique has been developed and tested in the MATLAB/Simulink environment. As seen from the simulation results, The SVPWM technique is more suitable for a three-phase inverter and it increases the overall system efficiency. The SVPWM is used for controlling the switching of the machine side converter. Advantages of this method include  The Modulation Index is higher for SVPWM as compared to SPWM.  The output voltage is about 15.5% more in case of SVPWM as compared to SPWM.  The current and torque harmonics produced are much less in case of SVPWM and also lower switching losses, and less harmonic distortion compared to SPWM. So the Space Vector Pulse Width Modulation (SVPWM) research has been widespread in recent years making it one of the most popular methods for three-phase inverters.
